WORLD INTELLECTUAL PROPERTY ORGAI* 
International Bureau 



RATION 




per 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 5 

A01N 43/90, 43/40, 25/30 
A01N 25/02 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 91/00010 

10 January 1991 (10.01.91) 



(21) International Application Number: PCT/US90/03548 

(22) International Filing Date: 25 June 1990 (25.06.90) 



(30) Priority data: 
374,705 



30 June 1989 (30.06.89) 



US 



(71X72) Applicant and Inventor: FINCH, Charles, W., Jr. [US/ 
US]; 2213 Dungiven, Garner, NC 27529 (US). 

(74) Agents: POLYN, Denis, A. et al.; ICI Americas Inc., 1200 
South 47th Street, Box 4023, Richmond, CA 94804-0023 
(US). 



(81) Designated States: AT (European patent), AU, BE (Euro- 
pean patent), BR, CA, CH (European patent), DE (Euro- 
pean patent)*, DK (European patent), ES (European pa- 
tent), FR (European patent), GB (European patent), HU, 
IT (European patent), JP, KR, LU (European patent), 
NL (European patent), SE (European patent), SU. 



Published 

With international search report. 
With amended claims. 




(54) Title: IMPROVED BIPYRIDILIUM HERBICIDAL COMPOSITIONS 
(57) Abstract 

Liquid compositions comprising: (a) a bipyridilium herbicide; (b) a photosynthesis-inhibiting herbicide; (c) a normally wa- 
ter-insoluble oil in which the photosynthesis-inhibiting herbicide (b) is soluble; (d) water; and (e) a surfactant selected from: (i) a 
polyalkyl glucoside; (ii) a polyoxypropylene-polyoxyethylene block copolymer; (iii) an alkyl trimethyl ammonium salt; and (iv) a 
mixture of polyvinyl alcohol with a surfactant having an HLB value from about 13 to about 20. 



* See back of page 

RNSDOCtO «rWO 910001OA1 I > 



DESIGNATIONS OF "DE" 

Until further notice, any designation of "DE" in any international application 
whose international filing date is prior to October 3, 1990, shall have effect in the 
territory of the Federal Republic of Germany with the exception of the territory of the 
former German Democratic Republic. 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the front pages of pamphlets publishing internati 
applications under the PCT. 

AT Austria 

AU Australia 

BB Barbados 

BE Belgium 

BF Burkina Fasso 

BC Bulgaria 

BJ Benin 

BR Brazil 

CA Canada 

CF Central African Republic 

CG C^ongo 

CH Switzerland 

CM Cameroon 

DE Germany. Federal Republic of 

DK Denmark 



ES 


Spain 


MC 


Monaco 


Fl 


Finland 


MG 


Madagascar 


FR 


France 


ML 


Mali 


CA 


Gabon 


MR 


Mauritania 


CB 


United Kingdom 


MW 


Malawi 


GR 


Greece 


NL 


Netherlands 


HU 


Hungary 


NO 


Norway 


IT 


Italy 


RO 


Romania 


JP 


Japan 


SD 


Sudan 


KP 


Democratic People's Republic 


SE 


Sweden 




of Korea 


SN 


Senegal 


KR 


Republic of Korea 


su 


Soviet Union 


LI 


Liechtenstein 


TD 


Chad 


LK 


Sri Lanka 


TG 


Togo 


LU 


Luxembourg 


US 


United States of America 



BN§oSclD-<W6 SitotHGAI I > 



WO 91/00010 PCT/US90/03548 

1 

IMPROVED BIPYRIDILIUM HERBICIDAL COMPOSITIONS 
Background and Prior Art 

This invention concerns improved herbicidal composi- 
tions containing a bipyridilium herbicide and at least one 
herbicide which has the ability to inhibit photosynthesis. 

Bipyridilium herbicides are a well known class of 
herbicides having the general formulas 




in which P and Q, which may be the same or different, are C 1 -C 4 
alkyl which may be substituted by hydroxy 1, halogen, carboxyl, 
alkoxy, alkylcarbonyl f alkoxycarbonyl , carbamoyl or N-substi- 
tuted carbamoyl; X is an anion, preferably a halide, and n is 
an integer from 1 to 4 . The two most prominent members are 
paraquat (1, 1 ' -dimethyl-4 , 4 ' - bipyridilium ion and/or its 
salts) and diquat (i, l'-ethylene-2 , 2 bipyridilium ion and/or 
its salts) . Other bipyridilium herbicides are mentioned, for 
example, in Canadian patent 1,058,411. Bipyridilium herbi- 
cides, particularly paraquat, are non-selective contact herbi- 
cides which kill those plant tissues which carry out photosyn- 
thesis. As is well known, paraquat, for instance, is reduced 
in the presence of free electrons produced during the photosyn- 
thesis process to paraquat free radicals. In the presence of 
oxygen, these free radicals are quickly re-oxidized to para- 
quat, producing hydrogen peroxide and/or a so-called "super- 
oxide", which cause rapid desiccation of plant tissues. 

It is well known that paraquat is used most effec- 
tively in conditions of dim light, for instance on cloudy or 
overcast days, or towards evening. Under such conditions, 
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photosynthesis proceeds more slowly, and the paraquat has an 
opportunity to translocate more through the plant, giving a 
more complete kill when it becomes activated. When paraquat is 
applied in bright sunny conditions when photosynthetic rate is 
high, paraquat reduction together with generation of toxic 
oxides is rapid, often so rapid that the paraquat effect 
remains localized near the point of its application. Applica- 
tion of paraquat under bright sunlight, therefore, can produce 
a quick effect, but significant re-growth can occur. 

However, it is often impractical or inconvenient to 
apply paraquat under only those low light conditions which pro- 
duce optimum activity. It has been found therefore, for 
instance by Headford, Pesticide Science . Vol. 1, pp. 41-42 
(1970) that similar optimum effects can be obtained by com- 
bining paraquat with another compound, particularly another 
herbicide, which has the ability to inhibit photosynthesis. 
Headford found that a combination of paraquat and bromacil, at 
a 2:1 weight ratio, sprayed in full sunlight, gave effects 
similar to those from paraquat alone sprayed at 5:00 P.M. It 
also has been recommended to tank mix paraquat with a number of 
other herbicides, including at least one (linuron) which coinci- 
dentally is a photosynthesis inhibitor. In using tank mixes of 
paraquat with photosynthesis inhibiting herbicides, the best 
activity would be expected from the most water-soluble photo- 
synthesis inhibitor, which would allow the paraquat to best 
translocate for a more complete kill. However, the most active 
photosynthesis-inhibiting herbicides are typically water 
insoluble. 

In addition, simple tank mixes of paraquat with, for 
instance, wettable powder formulations of other herbicides, do 
not produce consistent effects in terms of optimum transloca- 
tion and effect of paraquat. 

As an improvement over tank mixes of paraquat and 
photosynthesis inhibiting herbicides, a formulation in the form 
of a stabilized suspension concentrate containing paraquat and 
diuron, in a 2:1 weight ratio, has been sold under the 
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trademark Surefire. However, as with previously suggested 
combinations, the photosynthesis-inhibiting herbicide (in this 
case, diuron) is used in one-half the amount of the paraquat in 
order to provide the desired optimum paraquat translocation and 
herbicidal effect- It would be advantageous to obtain at least 
a similar effect with the use of much lower quantities of the 
photosynthesis inhibitor. 

Summary of the Invention 
In one aspect this invention comprises a liquid 
herbicidal composition comprising: 

(a) a herbicidally effective amount of a bipyridil- 
ium herbicide; 

(b) a photosynthesis-inhibiting herbicide; 

(c) a normally water-insoluble oil in which the 
photosynthesis-inhibiting herbicide (b) is 
soluble; 

(d) water; and 

(e) a surfactant selected from: 

(i) a polyalkyl glucoside; 
(ii) a polyoxypropylene-polyoxyethylene block 
copolymer; 

(iii) an alkyl trimethyl or dialkyl dimethyl 
ammonium salt; and 
(iv) a mixture of polyvinyl alcohol with a 

surfactant having an HLB value from about 
13 to about 20, 

In another aspect, this invention comprises a process 
for producing a composition of the type just mentioned which 
comprises contacting a solution of the photosynthesis- 
inhibiting herbicide in the water-insoluble oil with an aqueous 
solution of the bipyridilium herbicide containing the 
surfactant* 

The invention also comprises a liquid composition 
containing a photosynthesis-inhibiting herbicide which can be 
tank mixed with an aqueous solution of a bipyridilium herbicide 
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such as paraquat to produce the first-mentioned liquid herbi- 
cidal composition, which contains a photosynthesis-inhibiting 
herbicide, a normally water-insoluble oil in which the photo- 
synthesis-inhibiting herbicide is soluble and an alkyl 
trimethyl or dialkyl dimethyl ammonium salt. 

Detailed Description of the Invention 
The compositions of this invention have at least two 
herbicides: a bipyridilium herbicide, and a second herbicide 
which has the property of inhibiting photosynthesis. In addi- 
tion, as will be mentioned below, such compositions may also 
contain other herbicides. 

The bipyridilium herbicide may be paraquat, a herbi- 
cide which has been sold in many countries for a large variety 
of uses, or diquat. 

The second herbicide is one which has the property of 
inhibiting photosynthesis. Solubility in water is desirable 
for a photosynthesis inhibiting herbicide used together with 
paraquat, since such solubility would enable the herbicide to 
penetrate quickly and/or be more readily translocatable in the 
plant. However, the more active herbicides having this pro- 
perty tend to be insoluble in water. The compositions and pro- 
cess of the present invention have as one feature the ability 
to utilize the more active but relatively water-insoluble 
photosynthesis-inhibiting herbicides. Examples of such 
herbicides which can be used in combination with paraquat or 
diquat or other bipyridilium herbicides in the compositions of 
the present invention include: triazines, such as atrazine, 
ametryne, desmetryne, and prometryne; phenyl ureas such as 
diuron, neburon, linuron, chloroxuron and monuron; uracils such 
as bromacil, lenacil, and terbacil; aryl alkanamides such as 
karsil, napropamide and propanil; triazine- ones such as 
metribuzin; carbamates such as phenmedipham; anil- ides such as 
cypromide and chloranocryl and benzonitriles such as ioxynil. 
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Other photosynthesis-inhibiting herbicides can be 
us d, as long as th y do not dissociate into anions which could 
react with the paraquat or diquat cation. 

In addition to the bipyridilium herbicide and the 
photosynthesis-inhibiting herbicide, compositions according to 
this invention may also contain one or more additional herbi- 
cides which may be used in combination with the bipyridilium 
herbicide to achieve additional control. Such herbicides 
include, for instance, f luazif op-P-butyl, alachor, metolachlor, 
dicamba, bifenox, and pendimethalin. 

The oils, or organic liquids, suitable for use in the 
compositions of this invention are those organic liquids which 
are essentially water-insoluble but in which the photosyn- 
thesis-inhibiting herbicide is soluble. Suitable oils for use 
in this invention include water-insoluble alcohols such as 
tetrahydrofurfuryl alcohol, n-pentanol . and n-hexanol; aromatic 
hydrocarbons such as toluene, xylenes and naphthalenic sol- 
vents; halohydrocarbons such as monochlorotoluene; ketones such 
as mesityl oxide, cyclohexanone, 2-heptanone, isophorone and 
acetophenone; esters such as t-butyl phosphate and isoamyl 
acetate; nitrogen-containing compounds such as pyridine, 
nitrobenzene and dimethylf ormamide; and phenols such as phenol 
and nonylphenols. 

The surfactant in this composition plays an essential 
role. When the solution of photosynthesis-inhibiting herbicide 
in the oil phase is contacted with an aqueous solution of the 
bipyridilium herbicide in the presence of the surfactant, the 
inner hydrophobic portion of the surfactant micelle dissolves 
the mixture of photosynthesis-inhibiting herbicide and oil. 
The resulting composition may be termed a "soluble liquid" 
since the oil and the photosynthesis-inhibiting herbicide con- 
tained in it are now "soluble" in water. Four different types 
of surfactants have been found suitable for use in these compo- 
sitions. They are: 
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(a) polyalkyl glucosides; 

(b) polyoxypropylene-polyoxyethylene block 
copolymers ; 

(c) alkyl trimethyl and dialkyl dimethyl quaternary 
ammonium salts; and 

(d) mixtures of polyvinyl alcohol with surfactants 
having an HLB value of between about 13 and 
about 20. 

Polyalkyl glucosides have the general formula 




in which R is a c ^' c 2 2 ali P hatic 9 rou P/ preferably a C 8 " c 16 
aliphatic group, and n has an average value of from about 1 to 
about 20, preferably from about 1 to about 5, and most prefer- 
ably from about 1.4 to about 2.4. One example of such a 
surfactant is AL-2233 , in which R is a mixture of C Q and C n n 
groups and n has an average value of about 1.5-2.0. It is pro- 
duced by the reaction of a mixture of octyl and decyl alcohols 
with glucose under controlled polymerization conditions and is 
sold as an aqueous solution by ICI Americas Inc. 

Polyoxyethylene-polyoxypropylene block copolymers 
have the general formula: 

HO(CH 2 CH 2 0) x . (CH 2 CCH0) y . (CH 2 CH 2 0) x . H 

and have molecular weights averaging from about 1,000 to about 
1,500. Th y are generally produced by controlled addition of 
propylene oxide to propylene glycol, followed by addition of 
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ethylene oxide. Some examples of such surfactants are Pluronic 
L3 5, L44 and L64 sold by BASF Corporation. 

Alkyl trimethyl ammonium and dialkyl dimethyl ammon- 
ium salts have the general formulas, respectively: 

R(CH 3 ) 3 N + X" and RR' (CH 3 ) 2 N + X~ 

in which R and R' represent an alkyl group or mixture of alkyl 
groups having from about 8 to about 18 carbon atoms and X is an 
anion, usually a halide. One example of such a surfactant is 
Arguad C-50 (trimethyl coco ammonium chloride) which is sold by 
Akzo Chemie America. Other similar surfactants also sold by 
Akzo Chemie America have as the alkyl group dodecyl or 
hexadecyl . 



The fourth type of surfactant is a mixture of poly- 
vinyl alcohol with a surfactant having an HLB value of from 
about 13 to about 20. Surfactants of this type include, for 
instance, ethoxylated sorbitan esters such as Tween 20, 40, 60 
and 80, ethoxylated castor oil surfactants such as Etocas 100, 
Alcasurf C0200, Chemmax CO-200/50 and Pegosperse C0200; polyoxy- 
ethylene esterates such as Myrj 53, Brig 700 and Kessco EG 
esters; and ethoxylated alkylphenols, such as those sold under 
the trademark Igepal by GAF Corporation. Such alkylphenols 
have the general formula 

(Rl) ^^ " 0(CH 2 CH 2 0) n _ lC H 2 CH 2 0H 

in which is an alkyl group having from 8 to 18 carbon atoms, 
m is 1 or 2 and n is from about 30 to about 150. Members of 
this series include Igepal surfactants CA-887, CA-890, CA-897, 
CO-850, CO-880 and other higher molecular weight members of the 
CO series, and DM-970. 

The polyvinyl alcohol component of this type of sur- 
factant may be any suitable commercial form of polyvinyl alco- 
hol including those sold under the trademark Vinol by Air 
Products Co. such as Vinol 205. In general, the polyvinyl 
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alcohol will be employed in a weight ratio of from about 0.5:1 
to about 3 : 1 with respect to the surfactant having an HLB value 
of 13-20. 

Compositions according to this invention will gener- v 
ally contain the above components in the following amounts. 

Bipyridilium herbicide: from about 5 to about 3 0 
weight percent, preferably from about 18 to about 24 weight 
percent ; 

photosynthesis-inhibiting herbicide; from about 1 to 
about 12 weight percent, preferably from about 1 to 5 weight 
percent ; 

water-insoluble oil: from about 5 to about 10 weight 
percent, preferably from about 7 to about 10 weight percent; 

surfactant: from about 5 to about 4 0 weight percent, 
preferably from about 8 to about 20 weight percent, most pre- 
ferably from about 8 to about 12 weight percent; and 

water: the remainder. 

In general, compositions according to this invention 
will contain the bipyridilium herbicide and the photosynthesis- 
inhibiting herbicide in a weight ratio, respectively, of from 
about 4:1 to about 25:1, preferably between about 8:1 and about 
15:1. The compositions may also contain from about 6 to about 
24, preferably from about 6 to about 12 weight percent of one 
or more additional herbicides. A preferred combination of 
other herbicides with a bipyridilium herbicide is a composition 
containing paraquat and f luazif op-P-butyl, in a weight ratio of 
from about 1:8 to about 2:1, respectively. 

Compositions according to this invention may also 
contain additional ingredients, such as dispersants or freeze 
point depressants, which may be used to impact desirable prop- 
erties but which do not adversely affect herbicidal performance. 

Compositions of this invention are prepared by mixing 
appropriate quantiti s of an aqueous solution of the bipyri- 
dilium herbicide with an oil solution of the photosynthesis- 
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inhibiting herbicide, and contacting with a surfactant as 
described above. The surfactant may be contained in the 
aqueous solution of bipyridilium herbicide before the two solu- 
tions are mixed, or may be added simultaneously with, or subse- 
quent to, the mixing of the two solutions. The mixing is 
preferably mild, but greater agitation does not adversely 
affect the product. 

For instance, for preparation of formulations con- 
taining paraquat and diuron, the oil solution of diuron and 
aqueous solution of paraquat are prepared separately. For the 
oil solution, the water-insoluble oil, for instance a mixture 
of mesityl oxide and Aromatic 200 are mixed with Arquad 2C-75, 
which in this embodiment is used as a dispersant rather than a 
surfactant. Then an appropriate amount of diuron is added and 
the mixture is heated to 50 °C to dissolve the diuron. 

The aqueous solution of paraquat is prepared by addi- 
tion of Vinol 205 directly to an aqueous paraquat concentrate 
containing 33.5 weight /weight as paraquat dichloride. The mix- 
ture is heated to 90 °C to dissolve the Vinol 205. Then the 
surfactant, having an HLB value between 13 and about 20, is 
added to complete the water phase, together with additional 
water if necessary and propylene glycol to prevent freezing. 
Subsequently, the oil solution is dispersed into the aqueous 
paraquat solution with mild mixing at 20-25 °C to produce the 
compositions of this invention. 

For use under field application conditions, the 
compositions are diluted with water to an appropriate concen- 
tration for spraying. The compositions of this invention, 
being "soluble liquids", form diluted compositions which range 
from semi-transparent with a particle size of 0.1-0.05 milli- 
microns, to clear with a particle size of less than 0.05 milli- 
microns. For use in no-till agriculture, for instance, it is 
possible to spray the compositions of this invention on the 
plants to be killed during one day, and have sufficient kill to 
be able to plant a crop on the next. 
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The following are representative examples of prepara- 
tion of compositions according to this invention. 

Example 1 

A composition containing 2,0 lbs. /gallon paraquat and ? 
0.2 lb. /gallon diuron was prepared as follows: 9.7 grams (g) 
of mesityl oxide, 0.8 g of Aromatic 200 solvent and 7 . 2 g of , 
Arquad 2C-75 dispersant were mixed in a vessel. Then, 2.2 g of 
diuron technical grade (95% by weight) was added, and the mix- 
ture heated to 50 °C to dissolve the diuron. 

The aqueous solution was prepared by adding 2.0 g 
Vinol 205 to 21.9 g of a 33.5 weight percent solution of para- 
quat in water. The mixture was heated to 90 °C to properly dis- 
solve the polyvinyl alcohol. Then, there was added 3.0 g of 
Tween 40 polyoxy ethylene sorbitan ester, 2.5 g propylene glycol 
and 50.7 g water. 

The oil solution was dispersed into the aqueous solu- 
tion with mild mixing at 20-25°C to produce 100 g of composi- 
tion. 



Example 2 

Similarly to Example 1, there was prepared a composi- 
tion containing 2.0 lbs. /gallon paraquat and 0.08 lb. /gallon 
diuron. It had the overall composition: 



Ingredient 

paraquat 
diuron 

AL2 233 surfactant 
Arquad 2C-75 
cyclohexanone 
water 



Weight Percent 
21.9 

0.9 
12.0 

5.0 

2.6 
57.6 
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Example 3 

Similarly to Example l, there was prepared a composi- 
tion containing 1.5 lb. /gallon paraquat, 0.07 lb. /gallon 
linuron and 0.24 lb. /gallon f luazif op-P-butyl . This composi- 
tion is represented as follows: 

Ingredient Weight Percent 

paraquat 16.4 

linuron 0.9 

f luazif op-P-butyl 3 . 6 

AL2233 surfactant 18.0 

Igepal CO630 surfactant 10.0 

Arquad 2C-75 2.4 

cyclohexanone 1 . 9 

water 4 6.8 

Example 4 

This example represents the preparation of a concen- 
trated emulsion of a photosynthesis-inhibiting herbicide which 
can be tank mixed with an aqueous solution of paraquat to pro- 
duce the compositions according to this invention in the field. 

Similarly to Example 1 for preparation of the oil 
phase, there was obtained a composition containing: 

Ingredient Weight Percent 
metribuzin 5.8 
tetrahydrofurf uryl alcohol 2 3.3 

Arquad 16/50 surfactant 29.5 
Arquad 2C-75 dispersant 41.4 

This composition contained 0.5 lb. /gallon metribuzin. 
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Example 5 

Similarly to Example 4, ther was obtained a composi- 
tion as follows: 



Ingredient 

diuron 

Arquad 16/50 surfactant 
Arquad 2C-75 dispersant 
cyclohexanone 



Weight Percent 
5.8 
29-5 
41.4 
23.3 



This composition contained 0.5 lb. /gallon diuron. 



Herbicidal Activity 
Compositions were prepared containing paraquat, 
diuron, a surfactant, and in some cases, f luazif op-P-butyl, by 
mixing appropriate amounts of the following materials: 
paraquat-an aqueous solution containing 1.5 pounds/gallon 
paraquat; diuron-an emulsifiable concentrate corresponding to 
the formula of Example 5 and containing 0.5 pounds/gallon 
diuron; and f luazif op-P-buty lan emulsifiable concentrate con- 
taining 1.0 pound f luazif op-P-buty 1/ gallon. Compositions con- 
taining f luazif op-P-butyl corresponded to the composition of 
Example 3 with linuron replaced by diuron. Minor amounts of 
Ortho X-77, a crop oil, were included to lover the surface ten- 
sion in some tests. The compositions were diluted with water 
and sprayed on test plots containing various annual grasses and 
broadleaf weeds, including Echinochloa crusgalli . Digitaria 
sanguinalis . Ipomoea hederacea, Seturia viridis and Abut i Ion 
theoohrasti so as to provide application rates of the indivi- 
dual components as indicated below in Table 1. 

Trials were carried out at three locations. The fol- 
lowing Table 1 shows the data obtained in these evaluations, 
rated various days after treatment as indicated. 

Also included in these evaluations, for comparison, 
was a composition sold under the trademark Surefire, which con- 
tained a 2:1 weight ratio of paraquat : diuron and was sprayed so 
as to apply these two herbicides at rates of 0.35 and 0.18 
pounds / acre , respect i ve ly . 
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TABLE 



KEY: 



P 
D 
F 

GR 
BL 



Application rate 
lb. /acre 



paraquat 
diuron 

f luazifop-P-butyl 
grassy weeds 
broadleaf weeks 



TEST 1 



% control 
TEST 2 



.35 
,35 
.35 
35 
35 
35 
35 
35 
0.35 
0.35 
0.35 
0.35 
*0.35 
0.35 
0.35** 



0. 
0, 
0, 
0. 
0. 
0. 
0. 
0. 



0.088 
0.044 
0.029 
0.014 
0.088 
0. 044 
0.029 
0.014 
0.088 
0. 044 
0.029 
0.014 
0.18 



0. 05 
0.05 
0.05 
0.05 
0.10 
0.10 
0.10 
0.10 



0.1 
0.1** 



TEST 3 



GR 


BL 


VJI\ 


RT. 


VjK 


BL 


96 


90 


76 


67 


92 


73 


89 


85 


77 


66 


89 


72 


86 


82 


80 


70 


2 


67 


68 


81 


77 


67 


77 


77 


97 


87 


88 


71 


96 


70 


93 


85 


89 


66 


94 


81 


95 


86 


87 


61 


91 


72 


89 


84 


90 


61 


91 


75 


100 


91 


90 


72 ^ 


96 


79 


99 


93 


91 


66 


96 


80 


97 


84 


92 


70 


97 


74 


92 


86 


92 


69 - 


97 


74 


84 


82 


82 


68 


83 


64 


54 


76 


81 


68 


61 


51 


39 


79 


78 


69 ' 


73 


76 


82 


0 


31 


0 


67 


0 


84 


8 


32 


0 


92 


5 



* Surefire 

** with Ortho X-77 



Test 1 was conducted at Goldsboro, North Carolina and was rated 
24 days after treatment. "tea 

Test 2 was conducted at Visalia, California and was rated 8 
days after treatment. *«ea o 

Test 3 was conducted at Leland, Mississippi and was rated 21 
days after treatment. 



As can be seen from the above Table l, compositions 
according to this invention containing paraquat and diuron, and 
particularly having a much higher ratio of paraquat : diuron than 
the 2:1 Surefire composition, produced control that was as good 
as or b tter than the Surefire composition. 
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WHAT IS CLAIMED IS: 



1. A herbicidal composition comprising: 

(a) a herbicidally effective amount of a 
bipyridilium herbicide; 

(b) a photosynthesis-inhibiting herbicide; 

(c) a normally water-insoluble oil in which the 
photosynthesis-inhibiting herbicide (b) is 
soluble; 

(d) water; and 

(e) a surfactant selected from: 
(i) a polyalkyl glucoside; 

(ii) a polyoxypropylene-polyoxyethylene 

block copolymer; 
(iii) an alkyl trimethyl ammonium salt; and 
(iv) a mixture of polyvinyl alcohol with a 

surfactant having an HLB value from 

about 13 to about 20. 



2. A composition according to Claim 1 containing: 

from about 5 to about 30 weight % bipyri- 
dilium herbicide; 
BROAD from about 1 to about 12 weight % photosyn- 

RANGES thesis- inhibiting herbicide; 

from about 5 to about 20 weight % normally 
water insoluble oil; 

from about 5 to about 4 0 weight % surfac- 
tant; the remainder comprising water. 

3 . A composition according to Claim 2 containing 

from about 18 to about 24 weight % 
bipyridilium herbicide; 
PREFERRED from about 1 to about 5 weight % photosyn- 

RANGES thesis-inhibiting herbicide; 

from about 7 to about 10 weight % normally 
water-insoluble oil; 

from about 8 to about 20 weight % surfac- 
tant; the remainder comprising water. 
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4. A composition according to any of Claims 1-3 in 
which the w ight ratio of bipyridilium herbicide to photosyn- 
thesis-inhibiting herbicide is from about 4 : 1 to about 25:1. 

5. A composition according to any of Claims 1-3 in 
which the weight ratio is from about 8 : 1 to about 15:1. 

6. A composition according to any of Claims 1-5 in 
which the water-insoluble oil is a water-insoluble alcohol, an 
aromatic hydrocarbon, a halohydrocarbon, a ketone, an ester, a 
nitrogen-containing compound or a phenol. 

7. A composition according to Claim 6 in which the 
water-insoluble oil is tetrahydrof urf uryl alcohol, cyclohexa- 
none, or a naphthalene range aromatic solvent. 

8. A composition according to any of Claims 1-7 in 
which the surfactant is a mixture of polyvinyl alcohol with a 
surfactant having an HLB value of from about 13 to about 20 and 
this surfactant, having an HLB value of from about 13 to about 
20, is an ethoxylated sorbitan ester, an ethoxylated castor oil 
surfactant, a polyoxy ethylene esterate, or an ethoxylated 
alkylphenol. 

9. A composition according to any of Claims 1-8 in 
which the bipyridilium herbicide is paraquat. 

10. A composition according to any of Claims 1-9 in 
which the photosynthesis-inhibiting herbicide is selected from 
triazines, phenyl ureas, uracils, phenyl alkanamides, phenoxy- 
acetic acids, carbamates, anilides and benzonitriles. 

11. A composition according to Claim 10 in which the 
bipyridilium herbicide is paraquat and the photosynthesis- 
inhibiting herbicide is diuron. 

12. A composition according to any of Claims 1-11 
further comprising a herbicidally effective amount of a 
herbicide selected from f luazif op-P-butyl, alachlor, metola- 
chlor, dicamba, bifenox and pendimethalin. 
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13. A process for producing a composition according 
to Claim 1 comprising mixing an aqueous solution of the bipyri- 
dilium herbicide with a solution of the photosynthesis- 
inhibiting herbicide in the water-insoluble oil, in the 
presence of a sufficient quantity of the surfactant and under 
such conditions so as to produce a soluble liquid. 
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AMENDED CLAIMS 

[received by the International Bureau on 13 November 1990 (13.11.90); 

original claim 1 amended; 
other claims unchanged (1 page)] 

1. A soluble liquid herbicidal composition comprising: 

(a) a herbicidally effective amount of a 
bipyridilium herbicide; 

(b) a photosynthesis-inhibiting herbicide; 

(c) a normally water-insoluble oil in which the 
photosynthesis-inhibiting herbicide (b) is 
soluble; 

(d) water; and 

(e) a surfactant selected from: 
(i) a polyalkyl glucoside; 

(ii) a polyoxypropylene-polyoxyethylene 
block copolymer; 
(iii) an alkyl trimethyl ammonium salt; and 
(iv) a mixture of polyvinyl alcohol with a 
surfactant having an HLB value from 
about 13 to about 20. 

2. A composition according to Claim l containing: 

from about 5 to about 30 weight % bipyri- 
dilium herbicide; 

from about l to about 12 weight % photosyn- 
thesis-inhibiting herbicide; 

from about 5 to about 20 weight % normally 
water insoluble oil; 

from about 5 to about 40 weight % surfactant; 
the remainder comprising water. 

3. A composition according to claim l containing 

from about 18 to about 24 weight % 
bipyridilium herbicide; 

from about l to about 5 weight % photosyn- 
thesis-inhibiting herbicide; 

from about 7 to about 10 weight % normally 
water-insoluble oil; 

from about 8 to about 20 weight % surfactant; 
the remainder comprising water. 
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